We have applied the Coulomb and proximity potential model (CPPM) to calculate the half lives for various clusters decay of the selected even-even isotopes of the chosen nuclei. These nuclei are (Hf, W, Os, Pt, and Hg) in the 5d transition metal region in the periodic table with atomic number 72 ≤ Z ≤ 80. Furthermore, the half-lives are calculated using the universal formula for cluster decay. The calculated half-lives of alpha decay for the chosen isotopes are in good agreement with the experimental data, especially with the CPPM results. The alpha and cluster decays are more probable from the parents in the heavier mass number (A = 168-180) than from the parents in the lighter mass number (A = 156-166).
I. INTRODUCTION
Exotic decay or cluster radioactivity is the radioactive decay in which nuclei emit a particle heavier than the α-particle. This cold process is intermediate between α-decay and spontaneous fission. Sandulescu et al. [1] first predicted this phenomenon on the basis of quantum mechanical fragmentation theory (QMFT). Spontaneous decay of nuclei by the emission of clusters heavier than an α particle is experimentally established. Emitted 14 C, 24, 25, 26 Ne, 28,30 Mg, 32,34 Si clusters from heavy nuclei were observed and the half-lives measured [2] .
The cluster decay half-lives can be determined theoretically by the one dimensional Wentzel-Kramers-Brillouin (WKB) approximation [2] in which the nuclear potential has a significant role. There are many models to calculate the nuclear potential, such as the double folding model (DFM) [3, 4] and the liquid drop model [5] . In addition, the proximity potential model has been used to study the cluster radioactivity [6] [7] [8] . The importance of this model is that it provides information about the radioactivity of different nuclei [9] . The Coulomb and proximity potential model (CPPM) [10] has been used to study alpha and cluster radioactivity in various mass regions of the nuclear chart.
The CPPM is used to study the cluster radioactivity and half-life times for various proton rich parents with (Z = 56-64) and (N = 56-72), decaying to doubly magic nuclei such as 100 Sn [10] . This model has been used also to study the cold valleys in the radioactive decay of 248−254 Cf isotopes and calculated alpha decay half-lives [11] . The cold valleys are the minima in the driving potential (V-Q) plots against the mass number of the emitted cluster A 2 .
We studied the partitions of 4d transition metal nuclei using the core-cluster model in a previous work [12] . In the present work, we attempt to calculate the cluster-decay half-lives of parent nuclei using the coulomb and proximity potential model. We selected the 5d transition metal region in the periodic table in the framework of the CPPM. The chosen even-even nuclei for this study are (Hf, W, Os, Pt, and Hg) with atomic number 72 ≤ Z ≤ 80.
This paper is organized as follows: the details of the Coulomb and proximity potential model and universal formula are discussed in Section II. The results and discussion are represented in Section III. Finally, the conclusions from this work is represented.
II. THEORETICAL MODEL

II-1. The Coulomb and Proximity Potential model (CPPM)
The interaction potential barrier in the CPPM is the sum of Coulomb, proximity, and centrifugal potentials for the touching configuration and for the separated fragments. Shi and Swiatecki [13] explained the overlap region by a simple power law interpolation. The implication of the proximity potential decreases the height of the potential barrier, which makes the model calculations closely agree with the experimental data.
The total interacting potential barrier for a parent nucleus exhibiting exotic decay is given by
where Z 1 and Z 2 are the atomic numbers of the daughter and emitted cluster, and z is the distance between the nearby surfaces between the daughter and cluster. The distance between fragment centers is r, ℓ is the angular momentum, and µ is the reduced mass. The proximity potential V p (z) was represented by Blocki et al. [6] ,
with the width of the nuclear surface b ≈ 1, and γ is the nuclear surface tension coefficient [14] , which is given by γ = 0.9517
where N , Z, and A are the neutron, proton, and mass number of the parent, respectively. The central radii C i (i refers to the daughter and/or cluster) related to sharp radii R i as
To calculate R i , we can use the semi-empirical formula in terms of the mass number A i [6] as follows:
The universal proximity potential [15] φ is given as
with ε = z/b. Using the one-dimensional WKB approximation, the barrier penetrability P is given as
In Eq. (8) the reduced mass µ = mA 1 A 2 /A, m is the nucleon mass and A 1 , A 2 are the mass numbers of the daughter and emitted cluster, respectively. The turning points "a" and "b"
where M (A, Z), M (A 1 , Z 1 ), and M (A 2 , Z 2 ) are the atomic masses of the parent, daughter, and emitted cluster, respectively. The spontaneous cluster decay process occurs when the Q-value is positive. The Q-values for all the cluster-decay are determined using the experimental mass table [16] . The half-life time of the cluster decay is given by
where λ is the decay constant, ν is the assault frequency written as ν = ω 2π = 2Eν h , and E ν is the empirical zero point vibration energy which is given by [17] E ν = Q ( 0.056 + 0.039 exp
II-2. The universal Formula (UINV)
The half-life for the cluster decay is also evaluated by Poenaru et al. [18] in terms of a universal formula:
where P is the penetrability of an external Coulomb barrier, S is the preformation probability of the cluster at the nuclear surface which depends only on the mass number of the
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where µ A = A 1 A 2 /A and r = R a /R b where R a and R b are the turning points. The first turning point R a is the separation distance at the touching configuration, and can be expressed as
2 ), and the second turning point is defined as
The logarithm of the preformation factor S is given as [18] log 10 S = −0.598
The last two terms in the parentheses in Equation (12) are denoted as the additive constant C ee . In the case of even-even nucleus, C ee is given by
III. RESULTS AND DISCUSSION
In the present work we have applied the coulomb and proximity potential model (CPPM) to the cluster-decay of the 5d transition metal region in the periodic table. The selected nuclei (Hf, W, Os, Pt, and Hg) have their atomic number in the range 72 ≤ Z ≤ 80. This study begins with the selection of the probable cluster from the selected isotopes through the cold valley plotting, in which (V -Q) is plotted versus A 2 . The driving potential (V -Q) is calculated for a specific parent for all possible cluster-daughter combinations. The driving potential is defined as the difference between the interaction potential V and the Q-value of the reaction.
Figure (1a-1e) presents the plots of the driving potential versus the mass number of the cluster A 2 for the chosen nuclei; these relations are called the cold valley plots. From these figures one can notice that the minima of the driving potential, which represent the most probable decay, are due to the shell closure of one or both the cluster and daughter. So that the most probable clusters for the decay process from all the selected nuclei are 4 He, 8 Be, 12 C, 16 O, 20,22 Ne, 24,26 Mg, 32 S, 30,32 Si, and 38 Ar. In addition to that, other deeper minima (valleys) can be found for the same parent nuclei, if one increases the mass number of the cluster.
The values of the logarithm of the half-life time, log 10 (T 1/2 ), for the chosen clusters are calculated using the Coulomb proximity potential (CPPM), and the universal formula (UNIV) from Eq. (10) Table I . It is obvious that the calculated values using the CPPM are in agreement with the experimental values of α-decay more than with the UNIV formula. We conclude that this The calculated values of log 10 (T 1/2 ) using the CPPM are plotted as a function of the mass number of the parents for all the clusters presented in Figures (2a-2e) . From Figure (2a) the value of log 10 (T 1/2 ) is plotted against the mass number of the isotopes of Hf with different clusters. As the atomic number is fixed at Z = 72 for 156−162 Hf 72 , the plot (log 10 (T 1/2 ) vs. A) is equivalent to (log 10 (T 1/2 ) vs. N ), in which N is the number of neutrons. From this figure, it is clear that the lower line is for the 8 Be cluster while the upper one is for 34 S. Therefore log 10 (T 1/2 ) increases with increasing mass number of the clusters. This means that the life time of the decay process from the parent nuclei is longer as the mass number of the clusters is larger. Figures (2b-2e) represent the same plotting mentioned above for the other elements (W, Os, Pt, and Hg).
The calculated values of log 10 (T 1/2 ) for alpha decay using the CPPM for the chosen isotopes are plotted versus the mass number of the parent as shown in Figure 3 . This figure shows the calculated values compared with the experimental data [16] . It is obvious that 
IV. CONCLUSION
The cold valley (V -Q) plots for the 156−162 Hf, 158−166 W, 162−170 Os, 166−174 Pt, and 172−180 Hg isotopes are analyzed to determine the possible clusters emitted from these isotopes. From the cold valley plots, we noticed that the selection of the most probable clusters are depending on the shell closure for one of the emitted fragments or both of them. The half-lives of the clusters decay are calculated using the CPPM and UNIV and are listed in Table I . The calculated values of log 10 (T 1/2 ) by the CPPM are in agreement with the experimental values of alpha-decay more than the calculated values by the UNIV formula. The Q-value of the clusters have N = Z greater than of the clusters having N ̸ = Z. From this study we conclude that the isotopes with the greater mass number are more prone to disintegrate through alpha than the isotopes with smaller mass number. Hence the half-life time of alpha decay decreases as the mass number of the parent increases.
